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Objectives
Twin pregnancies have a six-fold higher perinatal mortality compared with
singleton pregnancies. Preterm delivery is the major cause of perinatal mortality
and morbidity in twin pregnancies. The frequency of intra-amniotic inflammation
(IAI) reaches 30% of singleton pregnancies with preterm labor and intact
membranes. Moreover, IAI alone (regardless of the presence or absence of proven
intra-amniotic infection) is a risk factor for the progression of labor to preterm
delivery and adverse outcome. The purpose of this study was to evaluate the
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frequency and association of IAI with perinatal outcome in twin pregnancies with
preterm labor.

Methods
Amniotic fluid (AF) was retrieved from both sacs in 90 twin gestations with
preterm labor and intact membranes (gestational age between 20+0 and 34+6 weeks).
Fluid was cultured for aerobic and anaerobic bacteria and genital mycoplasmas and
assayed for matrix metalloproteinase-8 (MMP-8). Microbial invasion of amniotic
cavity (MIAC) was diagnosed in cases with a positive AF culture. IAI was defined
as an AF MMP-8 concentration >23 ng/mL. Study population was divided into 3
groups according to the results of AF analysis: group 1, cases without IAI or MIAC
(n=55); group 2, cases without MIAC but with IAI of at least 1 amniotic cavity
(n=26); group 3, cases with IAI and MIAC of at least 1 amniotic cavity (n=9).
Non-parametric and survival techniques were used for analysis. Multiple logistic
analysis and generalized estimation equation models were used to adjust important
confounding variables.

Results
1) The rate of IAI of at least 1 amniotic cavity was 39% (35/90), among which IAI
with MIAC was detected in 10% (9/90), and IAI without MIAC was found in 29%
(26/90); 2) IAI was present in both sacs in 22 cases, in the presenting sac in 12
cases, and in the non-presenting sac in 1 case; 3) AF culture was positive in both
sacs in 6 cases and in the presenting sac in 3 cases; 4) Women without MIAC but
with IAI of at least 1 amniotic cavity (group 2) had a significantly higher rate of
adverse outcome (a lower gestational age at delivery, shorter amniocentesis-todelivery interval, and neonatal death and/or any significant morbidity) than those
2

without IAI or MIAC (group 1). There was no significant difference in pregnancy
outcomes between women without MIAC but with IAI of at least 1 amniotic cavity
(group 2) and those with IAI and MIAC of at least 1 amniotic cavity (group 3).

Conclusion
1) IAI is present in 39% of twin pregnancies with preterm labor and intact
membranes and is a risk factor for impending preterm delivery and adverse
outcome. 2) IAI was found more frequently in the presenting sac than in the nonpresenting sac, which supports the view that the ascending route is the common
pathway of intra-amniotic infection/inflammation.

Key words: intra-amniotic inflammation; intra-amniotic infection; preterm labor;
preterm birth; twin pregnancy

Student number: 2009-30527
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Introduction
Twin pregnancies have a six-fold higher perinatal mortality compared with
singleton pregnancies.1 Preterm delivery is the major cause of perinatal mortality
and morbidity in twin pregnancies.2-5 Greater than one-half of twins are born prior
to 37 completed weeks of gestation,2,5-7 and the rate of very preterm births (< 32
weeks’ gestation) is 12% in twin pregnancies, which is 7 times higher than that in
singleton pregnancies.8 Spontaneous preterm labor is one of the major causes of
preterm births in twins, as well as singletons.1,2
Substantial evidence suggests that intra-amniotic infection in women with
preterm labor and intact membranes is a risk factor for the progression of labor to
preterm delivery despite tocolysis, impending preterm delivery and adverse
neonatal outcome.9-15 Intra-amniotic infection is present in approximately 10% of
singleton pregnancies with preterm labor and intact membranes.11-13,

16-20

The

frequency of intra-amniotic infection is approximately 10% in twin pregnancies
presenting with preterm labor and intact membranes,21-22 which is comparable to
that in singleton pregnancies. The gold standard for the diagnosis of intra-amniotic
infection in clinical medicine is the isolation of the microorganisms from the
amniotic fluid (AF). However, a strong body of evidence suggests that a negative
culture cannot be considered to definitively exclude intra-amniotic infection.23-26
Moreover, the results of microbial culture may take several days, and are often not
available in time for clinical decisions.
In contrast to the diagnosis of infection using culture techniques, the
identification of intra-amniotic inflammation can be easily and rapidly detected by
determinations of white blood cell count,18,27 proinflammatory cytokines28-39 or
matrix metalloproteinases levels.40-48 Our previous study demonstrated that the
8

frequency of intra-amniotic inflammation reaches 30% of singleton pregnancies
with preterm labor and intact membranes and 50% of those with subsequent
preterm birth.12 Moreover, intra-amniotic inflammation alone (regardless of the
presence or absence of proven intra-amniotic infection) is a risk factor for the
progression of labor to preterm delivery and adverse outcome in singleton
pregnancies.12,13,31,40,49-55 However, there is a paucity of studies regarding the
frequency and clinical implications of intra-amniotic inflammation in twin
pregnancies with preterm labor and intact membranes. The purpose of this study
was to evaluate the frequency and association of intra-amniotic inflammation with
perinatal outcome in twin pregnancies with preterm labor.
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Materials and Methods

Study Population
The study population consisted of consecutive women with twin
pregnancies who were admitted to the Seoul National University Hospital with a
diagnosis of preterm labor and intact membranes and who underwent
amniocentesis of both amniotic cavities for assessment of the microbiologic status
of the amniotic cavity and/or fetal lung maturity between January 1993 and
December 2012. Preterm labor was defined as the presence of painful and regular
uterine contractions with a frequency of at least 2 every 10 minutes requiring
hospitalization. The inclusion criteria were: (1) twin gestation with live fetuses; (2)
preterm labor with intact membranes; (3) gestational age at amniocentesis between
20+0 and 34+6 weeks of gestation. Rupture of membranes was excluded by testing
pooling and nitrazine paper reaction. According to hospital protocol, amniocentesis
is offered routinely to all women who are admitted with a diagnosis of preterm
labor. AF was retrieved after written informed consent was obtained. The results of
AF were not blinded to the physicians. The administration of antibiotics and
tocolytics was left to the physician’s discretion. The Institutional Review Board of
Seoul National University Hospital approved the collection and use of these
samples and information for research purposes. The Seoul National University
Hospital has received a Federal Wide Assurance with the Office for Human
Research Protection of the Department of Health and Human Services of the
United States.
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AF study
AF was retrieved by transabdominal amniocentesis from both sacs and
was cultured for aerobic and anaerobic bacteria and genital mycoplasmas
(ureaplasmas and Mycoplasma hominis). Microbial invasion of amniotic cavity
(MIAC) was defined as a positive AF culture. The remaining fluid was centrifuged
and stored in polypropylene tubes at -70°C. The stored AF was analyzed for matrix
metalloproteinase (MMP)-8, which was measured with a commercially available
enzyme-linked immunosorbent assay (R and D Systems, Inc., Minneapolis, MN,
USA). Each measurement was done in duplicate. Intra- and inter-assay coefficients
were <10% each. Intra-amniotic inflammation was defined as an elevated AF
MMP-8 concentration (>23 ng/mL), as previously reported.46
Women were divided into 3 groups according to the presence or absence
of intra-amniotic inflammation and/or MIAC: 1) Group 1 consisted of 55 women
without intra-amniotic inflammation or MIAC; 2) group 2 consisted of 26 women
without MIAC but with intra-amniotic inflammation of at least 1 amniotic cavity;
and 3) group 3 consisted of 9 women with intra-amniotic inflammation and MIAC
of at least 1 amniotic cavity.

Diagnosis of acute histologic chorioamnionitis, funisitis, clinical
chorioamnionitis and neonatal morbidity
Acute histologic chorioamnionitis was defined in the presence of acute
inflammatory changes in the chorion-decidua and/or amnion; funisitis was
diagnosed in the presence of neutrophil infiltration into umbilical vessel walls or
Wharton’s

jelly

with

use

of

criteria

published

previously.30

Clinical

chorioamnionitis was diagnosed when a temperature was elevated to 37.8°C and
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when ≥ 2 of the following criteria were present: uterine tenderness, malodorous
vaginal

discharge,

maternal

leukocytosis

(>15,000

cells/mm3),

maternal

tachycardia (>100 beats/min), and fetal tachycardia (>160 beats/min) as proposed
by Gibbs et al.56
Significant neonatal morbidity was defined as the presence of any of the
following conditions: proven early neonatal sepsis, respiratory distress syndrome,
bronchopulmonary dysplasia, intraventricular hemorrhage, and necrotizing
enterocolitis.54 The diagnosis of respiratory distress syndrome was defined as the
presence of respiratory distress, increased oxygen requirement (FiO2 > 0.4), and
diagnostic radiological and laboratory findings of reticulogranular patterns in the
absence of evidence of any other causes of respiratory distress. Bronchopulmonary
dysplasia was defined as the treatment with oxygen >21 percent for at least 28 days
of age using the criteria of the National Institute of Child Health Workshop
definition.57 Proven early neonatal sepsis was diagnosed as the isolation of a
bacterium from a blood culture in the first 72 hours of age. Intraventricular
hemorrhage was defined as Grade II or higher by McMenamin’s classification of
periventricular-intraventricular hemorrhage.58 The diagnosis of necrotizing
enterocolitis was based on the presence of the characteristic clinical features of
abdominal distention and the abdominal radiographic finding of pneumatosis
intestinalis.

Statistical analysis
Proportions were compared with the use of the Fisher’s exact test. The
Kruskal-Wallis analysis of variance test was used for comparison of continuous
variables among groups. Multiple comparisons among groups were performed with
12

the Mann-Whitney U test and adjusted using the Bonferroni method. The
McNemar test and the Wilcoxon signed rank test were used for comparison for the
analysis of the matched data in a twin pair. The amniocentesis-to-delivery interval
was compared with the use of the generalized Wilcoxon test for survival analysis. A
Cox proportional hazard model was used to control covariates. The amniocentesisto-delivery interval of women who were delivered for maternal or fetal indications
was treated as a censored observation, with the censoring time equal to the
amniocentesis-to-delivery interval. Logistic regression analysis was used to
examine the relationship between the presence of intra-amniotic inflammation and
the pregnancy outcome of interest after adjusting for the effects of confounding
variables including gestational age at amniocentesis and cervical dilatation which
were associated with the occurrence of spontaneous preterm birth <34 weeks and
adverse neonatal outcome (P<.01). Generalized estimation equation models were
used to explore the association between the presence of intra-amniotic
inflammation and neonatal outcomes adjusting for the effects of confounding
variables while accounting for correlation due to clustering of multiple births
within a mother. A probability value < 0.05 was considered as significant. In
comparison among three groups, a probability value < 0.017 was considered as
significant. SPSS 22.0 for Windows (IBM, Armonk, NY, USA) was used for
statistical analyses.
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Results
Characteristics of study population
A total of 98 women were met the inclusion criteria. Among them, AF was
not available in 8 women for MMP-8 determinations (1 woman with a positive AF
culture and 7 women with a negative culture); therefore, these women were
excluded from further analysis because they could not be evaluated with respect to
the presence or absence of intra-amniotic inflammation. Table 1 displays the
clinical characteristics of the study population. Women without MIAC but with
intra-amniotic inflammation of at least 1 amniotic cavity (group 2) had
significantly more advanced cervical dilation than women without intra-amniotic
inflammation or MIAC (group 1). There were no significant differences between
women in groups 2 and 3.

AF culture
The frequency of MIAC of at least 1 amniotic cavity was 10% (9/90).
Among 9 women with MIAC, microorganisms were isolated from both sacs in 6
cases and from the presenting sac alone in 3 cases. Ureaplasmas were the most
common microorganisms isolated from the AF (from both sacs of 6 women). Other
microorganisms recovered from the AF included Mycoplasma hominis (coinfection with Ureasplasmas from both sacs of 2 women), Group B Streptococcus
(from the presenting sac of 1 patient), Streptococcus viridans (from the presenting
sac of 1 patient), and Staphylococcus capitis (from the presenting sac of 1 patient).

Intra-amniotic inflammation
The frequency of intra-amniotic inflammation (defined as a MMP-8
14

concentration >23 ng/mL) of at least 1 amniotic cavity was 39% (35/90) of the
study population. Intra-amniotic inflammation was present in all 9 women (100%)
with MIAC, and in 26 of 81 women (32%) without MIAC. The presenting sac had
a higher rate of intra-amniotic inflammation than the non-presenting sac (the
presenting sac: 38% [34/90] vs. the non-presenting sac: 26% [23/90]; P = 0.003 by
the McNemar test). Intra-amniotic inflammation was present in both sacs in 22
cases, in the presenting sac alone in 12 cases, and in the non-presenting sac alone
in 1 case. The median AF MMP-8 concentration of the presenting sac was
significantly higher than the non-presenting sac (median, 3.0 ng/mL [interquartile
range, 0.6-86.6 ng/mL] vs. median, 1.6 ng/mL [interquartile range, 0.4-23.6
ng/mL]; P < 0.001 by the Wilcoxon signed rank test). Among the 35 women with
intra-amniotic inflammation of at least 1 amniotic cavity, the presenting sac had a
significantly higher median AF MMP-8 level than the non-presenting sac (median,
172.2 ng/mL [interquartile range, 65.1-353.0 ng/mL] vs. median, 57.0 ng/mL
[interquartile range, 13.9-237.4 ng/mL]; P = 0.008 by the Wilcoxon signed rank
test).

Pregnancy outcomes
Figure 1 shows the amniocentesis-to-delivery interval. In 11 women who
were delivered because of maternal or fetal indications, this interval was censored.
Women in group 2 had a significantly shorter median amniocentesis-to-delivery
interval than did women in group 1 (P < 0.001); however, there was no difference
in the median amniocentesis-to-delivery interval between groups 2 and 3. Table 2
shows the result of multivariate survival analysis. Women in group 2 had a
significantly shorter median amniocentesis-to-delivery interval than women in
15

group 1 after adjusting for the gestational age at amniocentesis and the cervical
dilation (hazard ratio, 4.14; 95% CI, 2.36-7.26; P < 0.001 by Cox proportional
hazards model analysis).
Table 3 compares the pregnancy outcomes of the study population.
Women in group 2 had significantly higher rates of spontaneous delivery within 1,
2 and 7 days of amniocentesis than did women in group 1 even after adjusting for
the gestational age at amniocentesis and the cervical dilation (adjusted odds ratio
[aOR], 6.81; 95% confidence interval [CI], 2.05-22.6; P = 0.002 for spontaneous
delivery within 1 day: aOR, 11.2; 95% CI, 3.40-36.6; P < 0.001 for spontaneous
delivery within 2 days: aOR, 19.8; 95% CI, 4.29-91.3; P < 0.001 for spontaneous
delivery within 7 days by multiple logistic regression analysis). The rates of acute
histologic chorioamnionitis and funisitis were higher in group 2 than in group 1 but
the differences were statistically insignificant (P = 0.052 and 0.068, respectively).

Neonatal outcome
Among the study population, 6 cases with major congenital anomaly
(n=4) or unavailable for neonatal data (n=2) were excluded from the analysis of
neonatal outcome. Table 4 compares the neonatal outcome of the study population.
Neonates born to mothers who had intra-amniotic inflammation of at least 1
amniotic cavity without MIAC (group 2) had a significantly higher rate of adverse
neonatal outcome (neonatal death and/or any significant morbidity) than did those
born to mothers without intra-amniotic inflammation or MIAC (group 1) even after
adjusting for gestational age at amniocentesis and the cervical dilatation (P =
0.007). Table 5 showed the relationship of various variables with neonatal death
and/or any significant morbidity. The presence of intra-amniotic inflammation
16

without MIAC, intra-amniotic inflammation with MIAC and gestational age at
amniocentesis was significantly associated with the occurrence of adverse neonatal
outcome. However, when adjusted for gestational age at delivery, all of these
variables (the presence or absence of intra-amniotic inflammation and/or MIAC,
cervical dilation, and gestational age at amniocentesis) were not associated with the
occurrence of adverse neonatal outcome.
Table 6 described the pregnancy and neonatal outcomes according to the
number of amniotic cavity with an elevated MMP-8 concentration. Cases with
intra-amniotic inflammation of 1 amniotic cavity had a significantly higher rate of
spontaneous delivery within 7 days than did those without intra-amniotic
inflammation (85% [11/13] vs. 32% [17/53], P = 0.004 after adjusting for the
gestational age at amniocentesis and cervical dilation). Cases with intra-amniotic
inflammation of 1 amniotic cavity had a similar pregnancy and neonatal outcome
to cases with intra-amniotic inflammation of both amniotic cavities except
spontaneous delivery within 2 days.
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Discussion

Principal findings of the study
(1) Intra-amniotic inflammation was present in 39% of twin pregnancies
with preterm labor and intact membranes; (2) intra-amniotic inflammation per se is
a risk factor for impending preterm delivery and adverse neonatal outcome
regardless of AF culture results; and (3) intra-amniotic inflammation was more
common in the presenting sacs than in the non-presenting sacs.

Intra-amniotic inflammation and twin pregnancy
Substantial evidence indicates that intra-amniotic inflammation plays an
important role in the pathogenesis of preterm labor and subsequent preterm
birth.12,40,59-70 In the present study, intra-amniotic inflammation without MIAC was
shown in 29% (26/90) of women with twin pregnancies who had preterm labor and
intact membranes, and intra-amniotic inflammation without MIAC was more
common than MIAC (10% [10/96]). These findings are in agreement with a
previous report12 made in singleton pregnancies with preterm labor and intact
membranes. In singleton pregnancies with preterm labor and intact membranes,
microbiologically-proven intra-amniotic infection occurred in 10% of women and
intra-amniotic inflammation without proven AF infection was present in 21% of
women.12 Moreover, we found that intra-amniotic inflammation per se is a risk
factor for the impending preterm birth and adverse neonatal outcome in twin
pregnancies with preterm labor and intact membranes. The intra-amniotic
inflammation in women without MIAC may result from a failure of detection of
microorganisms by current microbiologic techniques,23-26 an inflammatory
18

response caused by extra-amniotic infection

71,72

or non-infectious cause of

inflammation.73,74
Our results showed that the frequency of intra-amniotic inflammation in
twin pregnancies was similar to that of singleton pregnancies with preterm labor
and intact membranes, but in contrast to the traditional view that the cause of a
higher rate of preterm delivery in twin pregnancies is uterine overextension and
myometrial stretching,75,76 which can induce myometrial contractility77 and
oxytocin receptor in myometrium.78 Recent studies have shown that the cervical
length of women with twin pregnancies is shorter than the cervical length of
women with singleton pregnancies,79-82 and that short cervical length is associated
with preterm birth80, 83-92 and intra-amniotic inflammation/MIAC.93-97 Collectively,
these data suggest that the higher frequency of intra-amniotic inflammation in twin
pregnancies may be due to the premature change in cervical length. Our data
showed that intra-amniotic inflammation has an important role in the pathogenesis
of preterm labor in twin pregnancies.
In the present study, intra-amniotic inflammation regardless of the
presence or absence of MIAC occurred in 39% of twin pregnancies presenting with
preterm labor and intact membranes. Moreover, 75% (21/28) of women who
delivered within 48 hours of amniocentesis had intra-amniotic inflammation.
However, 81% of women (40/49) without intra-amniotic inflammation/MIAC had
a spontaneous preterm birth before 36 weeks of gestation, although they had a
longer amniocentesis-to-delivery interval than women with intra-amniotic
inflammation. It is partially at odds with the findings of a previous study,12 in
which only 35% (40/113) of singleton women with preterm labor and without
intra-amniotic infection/inflammation had a spontaneous preterm birth (<37 weeks).
19

These data suggest that although intra-amniotic inflammation is causally linked to
preterm labor and delivery in twin pregnancies, other mechanisms of preterm labor
may also play an important role in the excessive rate of preterm labor and delivery
in twin gestations.
In the current study, the adverse neonatal outcome (defined as neonatal
death and/or any significant morbidity) occurred more frequently in the neonates
born to mother with intra-amniotic inflammation without MIAC than those born to
mother without intra-amniotic inflammation or MIAC. However, when adjusted for
gestational age at delivery, there were no differences in the neonatal outcome
among groups. It suggests that the difference in the neonatal outcomes among
groups resulted not from intra-amniotic inflammation itself, but from the interval to
delivery which was shorter in the women with intra-amniotic inflammation and/or
MIAC

Ascending route of infection/inflammation in twin pregnancies
In the present study, ureaplasmas were the most common microorganisms
isolated from AF, which is in keeping with the results of other studies in singleton
pregnancy with preterm labor,98-100 preterm premature rupture of membranes,101-106
and cervical insufficiency.50,107 Microorganisms were found in both sacs in 6 cases,
and in the presenting sac alone in 3 cases. Moreover, we observed that intraamniotic inflammation involves the presenting sac more frequently than the nonpresenting sac, and that the inflammatory response was more intense in the
presenting sac than in the non-presenting sac, which is in keeping with the results
of other investigators21,22; specifically, MIAC is more frequent in the presenting sac
than in the non-presenting sac in twin pregnancies with preterm labor and intact
20

membranes. These findings support the view that an ascending route is the
common pathway of intra-amniotic infection/inflammation.
However, both sacs were involved in about two-thirds of women with
intra-amniotic inflammation/MIAC. Microorganisms are frequently found in the
AF of women with cervical insufficiency25,50,108-111 and that microorganisms easily
penetrate the chorioamniotic membranes in vitro.112 These findings suggest
chorioamniotic membranes may not be efficient barriers to prevent invasion of
microorganisms.

Conclusions
The major clinical implication of our study is that the frequency of intraamniotic inflammation in twin pregnancies with preterm labor and intact
membranes is comparable to that of intra-amniotic inflammation in singleton
gestations with preterm labor and intact membranes. Moreover, the pregnancy
outcomes of women with intra-amniotic inflammation were as poor as those of
women with proven AF infections. The presence of intra-amniotic inflammation
can be detected readily whereas AF culture results may take days to become
available. Therefore, modern microbiologic techniques are required to detect the
presence of microorganisms more rapidly than that available through culture. We
conclude that the presence of intra-amniotic inflammation appears to be a
promising marker for impending preterm delivery and adverse perinatal outcome in
twin pregnancies with preterm labor and intact membranes.
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Table 1. Clinical characteristics of study population
Intra-amniotic

Intra-amniotic

Intra-amniotic

inflammation (-)/

inflammation (+)/

inflammation (+)/

MIAC (-)a

MIAC (-)a

MIAC (+)a

(Group 1, n=55)

Pb

(Group 2, n=26)

Pc

(Group 3; n=9)

Pd

31 (29-33)

<.001

34 (32-35)

NS

32 (29-36)

NS

43/55 (78%)

NS

9/26 (35%)

NS

4/9 (44%)

.048

30.6 (28.6-32.2)

NS

27.5 (25.1-33.3)

NS

27.7 (23.9-33.0)

NS

1.5 (0-3)

<.001

3.0 (1.5-4)

NS

3.0 (1.5-5)

.039

Tocolytics usef

50/53 (94%)

NS

21/24 (88%)

.068

5/9 (56%)

.006

Corticosteroids useh

43/52 (83%)

NS

14/18 (78%)

NS

5/8 (63%)

NS

0/55

NS

0/26

NS

1/9 (11%)

NS

Characteristics
Maternal age, yearse
Nulliparity
Gestational age at amniocentesis, weeks
Cervical dilation, cme

Clinical chorioamnionitis

Data presented as median (interquartile range) or n/N (%)
MIAC, microbial invasion of amniotic cavity; NS, not significant.
a
Intra-amniotic inflammation was defined as an elevated amniotic fluid matrix metalloproteinase-8 concentration ( > 23 ng/mL) of at least 1 amniotic
cavity, and MIAC was defined as a positive amniotic fluid culture of at least 1 amniotic cavity.
b
Comparison between groups 1 and 2.
c
Comparison between groups 2 and 3.
d
Comparison between groups 1 and 3.
e
P<.05 by Kruskal-Wallis ANOVA test.
f
Four women who were unavailable for information about use of tocolytics were excluded from the analysis
g
Administration of antenatal corticosteroid was considered when gestational age were between 23+0 and 33+6 weeks
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Table 2. Hazard ratios of various variables related to amniocentesis to delivery interval
Unadjusted hazard ratio

Adjusted hazard ratio

(95% CI)

(95% CI)a

Intra-amniotic inflammation (-)/ MIAC (-)b (group 1)

Reference

Reference

Intra-amniotic inflammation (+)/ MIAC (-)b (group 2)

2.78 (1.67-4.62)

4.14 (2.36-7.26)

Intra-amniotic inflammation (+)/ MIAC (+)b (group 3)

2.69 (1.25-5.80)

4.48 (1.98-10.2)

Cervical dilatation

1.61 (0.97-2.69)

1.71 (1.01-2.89)

Gestational age at amniocentesis

1.09 (1.01-1.18)

1.17 (1.08-1.26)

Intra-amniotic inflammation and/or MIACb

CI, confidence interval; MIAC, microbial invasion of amniotic cavity.
a
Adjusted for gestational age at amniocentesis, intra-amniotic inflammation, MIAC, and cervical dilatation
b
Intra-amniotic inflammation was defined as an elevated amniotic fluid matrix metalloproteinase-8 concentration ( > 23 ng/mL) of at least 1 amniotic
cavity, and MIAC was defined as a positive amniotic fluid culture of at least 1 amniotic cavity.
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Table 3. Pregnancy outcomes of study population
Intra-amniotic

Intra-amniotic

Intra-amniotic

inflammation (-)/

inflammation (+)/

inflammation (+)/

MIAC (-)

a

Adjusted

MIAC (-)

a

MIAC (+)a

Adjusted

Characteristics

(Group 1, n=55)

Pb

Pb,e

(Group 2, n=26)

Pc,f

(Group 3; n=9)

Pd

Pd,e

Gestational age at delivery, weeksg,h

34.0 (31.4-35.1)

.004

-

30.2 (26.1-34.6)

NS

28.4 (25.9-33.1)

.003

-

<24 hours

6/54 (11%)

.001

.002

12/26 (46%)

NS

5/9 (56%)

.006

.003

<48 hours

7/54 (13%)

<.001

<.001

16/26 (62%)

NS

5/9 (56%)

.009

.007

<7 days

17/53 (32%)

<.001

<.001

23/26 (89%)

NS

7/9 (78%)

.021

.017

23/50 (46%)

.003

.021

18/21 (86%)

NS

7/8 (88%)

.053

.058

40/49 (81%)

NS

NS

25/26 (96%)

NS

8/8 (100%)

NS

NS

12/46 (26%)

.052

.037

11/21 (52%)

NS

5/8 (63%)

.092

.084

2/47 (4%)

.068

.052

4/21 (19%)

NS

4/8 (50%)

.003

.003

Spontaneous delivery

Spontaneous preterm delivery
<34+0 weeksi
+0

<36 weeks
Acute histologic chorioamnionitis
Funisitis

Data presented as median (interquartile range) or n/N (%)
MIAC, microbial invasion of amniotic cavity; NS, not significant.
a
Intra-amniotic inflammation was defined as an elevated amniotic fluid matrix metalloproteinase-8 concentration ( > 23 ng/mL) of at least 1 amniotic
cavity, and MIAC was defined as a positive amniotic fluid culture of at least 1 amniotic cavity.
b
Comparison between groups 1 and 2.
c
Comparison between groups 2 and 3.
d
Comparison between groups 1 and 3.
e
Adjusted for gestational age at amniocentesis and the cervical dilation (logistic regression analysis).
f
The probability was not significant before and after adjustment for gestational age at amniocentesis and the cervical dilation.
g
Two women whose gestational age at delivery were not known were excluded.
h
P<.05 by Kruskal-Wallis ANOVA test.
i
Cases with gestational age at amniocentesis ≥ 34+0 weeks were excluded from the analysis.
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Table 4. Neonatal outcomes of study population
Intra-amniotic

Intra-amniotic

Intra-amniotic

inflammation (-)/

inflammation (+)/

inflammation (+)/

MIAC (-)a

MIAC (+)a

MIAC (-)a

Adjusted
b

b,e

Adjusted

(Group 3; n=18)

P

Pd,e

NS

4/18 (22%)

.076

NS

21/42 (50%)

NS

8/15 (53%)

.031

.086

NS

5/42 (12%)

NS

3/15 (20%)

NS

NS

.002

.015

18/42 (43%)

NS

4/15 (27%)

NS

NS

8/101 (8%)

NS

NS

2/42 (5%)

NS

4/15 (27%)

NS

NS

Necrotizing enterocolitis

3/101 (3%)

NS

NS

4/42 (10%)

NS

0/15

NS

NS

Proven early neonatal sepsis

1/101 (1%)

NS

NS

1/42 (2%)

NS

0/15

NS

NS

21/102 (21%)

.002

.007

27/48 (56%)

NS

11/18 (61%)

.011

.066

Characteristics

(Group 1, n=102)

P

P

Neonatal death

5/102 (5%)

NS

NS

6/48 (13%)

19/101 (19%)

.006

.012

Respiratory distress syndrome

13/101 (13%)

NS

Bronchopulmonary dysplasia

10/97 (10%)

Intraventricular hemorrhage

Significant morbidityg,h

Neonatal death and/or any significant

(Group 2, n=48)

c,f

P

d

morbidity
Data presented as n/N (%).
MIAC, microbial invasion of amniotic cavity; NS, not significant.
a
Intra-amniotic inflammation was defined as an elevated amniotic fluid matrix metalloproteinase-8 concentration ( > 23 ng/mL) of at least 1 amniotic
cavity, and MIAC was defined as a positive amniotic fluid culture of at least 1 amniotic cavity.
b
Comparison between groups 1 and 2.
c
Comparison between groups 2 and 3.
d
Comparison between groups 1 and 3.
e
Adjusted for gestational age at amniocentesis and the cervical dilation (generalized estimation equation models).
f
The probability was not significant before and after adjustment for gestational age at amniocentesis and the cervical dilation.
g
Defined as the presence of any of the following conditions: proven early neonatal sepsis, respiratory distress syndrome, bronchopulmonary dysplasia,
intraventricular hemorrhage, and necrotizing enterocolitis.
h
Ten cases were excluded from the analysis because they died shortly after delivery as a result of extreme preamaturity and thus could not be evaluated
with respect to the presence or absence of neonatal morbidity.
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Table 5. Relationship among various variables with adverse neonatal outcome (neonatal death and/or any significant morbiditya)
Unadjusted odds ratio

Adjusted odds ratiob

Adjusted odds ratioc

(95% CI)

(95% CI)

(95% CI)

Intra-amniotic inflammation (-)/ MIAC (-)d (group 1)

Reference

Reference

Reference

Intra-amniotic inflammation (+)/ MIAC (-)d (group 2)

4.96 (1.84-13.4)

4.67 (1.59-13.7)

1.41 (0.30-6.64)

Intra-amniotic inflammation (+)/ MIAC (+)d (group 3)

6.06 (1.50-24.5)

5.46 (0.76-39.4)

1.09 (0.15-7.68)

Cervical dilatation

1.95 (0.68-5.56)

2.08 (0.56-7.70)

0.44 (0.09-2.24)

Gestational age at amniocentesis

0.74 (0.64-0.86)

0.74 (0.63-0.88)

1.53 (0.97-2.41)

Gestational age at delivery

0.51 (0.41-0.63)

Intra-amniotic inflammation and/or MIACd

0.33 (0.19-0.59)

MIAC, microbial invasion of amniotic cavity.
a
Significant morbidity was defined as any of the following conditions: proven early neonatal sepsis, respiratory distress syndrome, bronchopulmonary
dysplasia, intraventricular hemorrhage, and necrotizing enterocolitis.
b
Generalized estimation equation models adjusted for gestational age at amniocentesis, intra-amniotic infection, intra-amniotic inflammation, and cervical
dilatation
c
Generalized estimation equation models adjusted for gestational age at amniocentesis, intra-amniotic infection, intra-amniotic inflammation, cervical
dilatation, and gestational age at delivery
d
Intra-amniotic inflammation was defined as an elevated amniotic fluid matrix metalloproteinase-8 concentration ( > 23 ng/mL) of at least 1 amniotic
cavity, and MIAC was defined as a positive amniotic fluid culture of at least 1 amniotic cavity.
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Table 6. Pregnancy and neonatal outcomes according to the number of amniotic cavity with an elevated matrix metalloproteinase-8
concentration
Number of amniotic cavity with an elevated MMP-8 in a twin pair
No amniotic

One amniotic

cavity

Adjusted

cavity

Both amniotic
Adjusted

cavities

Adjusted

(n=55)

Pa

Pa,d

(n=13)

Pb

Pb,d

(n=22)

Pc

Pc,d

<48 hours

7/54 (13%)

NS

NS

4/13 (31%)

.012

.015

17/22 (77%)

<.001

<.001

<7 days

17/53 (32%)

.001

.004

11/13 (85%)

NS

NS

19/22 (86%)

<.001

<.001

23/50 (46%)

NS

NS

9/12 (75%)

NS

NS

16/17 (94%)

.001

.009

40/49 (82%)

NS

NS

12/13 (92%)

NS

NS

21/21 (100%)

.049

-

21/102 (21%)

.039

NS

12/24 (50%)

NS

NS

26/42 (62%)

<.001

.001

Characteristics
Spontaneous delivery

Spontaneous preterm delivery
<34+0 weekse
+0

<36 weeks
Neonatal death and/or any
significant morbidityf,g

Data presented as n/N (%).
MMP-8, matrix metalloproteinase-8; elevated MMP-8, MMP-8 >23ng/mL; NS, not significant.
a
Comparison between group without an elevated MMP-8 concentration and group with an elevated MMP-8 concentration of 1 amniotic cavity.
b
Comparison between group with an elevated MMP-8 concentration of 1 amniotic cavity and group with an elevated MMP-8 concentration of both
amniotic cavities.
c
Comparison between group without an elevated MMP-8 concentration and group with an elevated MMP-8 concentration of both amniotic cavities.
d
Adjusted for gestational age at amniocentesis and the cervical dilation (logistic regression analysis or generalized estimation equation analysis).
e
Cases with gestational age at amniocentesis ≥ 34+0 weeks were excluded from the analysis.
f
Among the study population, six twin pairs with major congenital anomaly (n=4) and unavailable data (n=2) were excluded from the analysis.
g
Significant morbidity was defined as the presence of any of the following conditions: proven early neonatal sepsis, respiratory distress syndrome,
bronchopulmonary dysplasia, intraventricular hemorrhage and necrotizing enterocolitis
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Figure 1. Survival analysis of the amniocentesis-to-delivery interval, according to
the results of amniotic fluid (AF) culture and matrix metalloproteinase (MMP)-8
concentrations (group 1: median, 14 days [interquartile range, 4-36 days]; group 2:
median, 1 day [interquartile range, 0-3 days]; group 3: median 1 day [interquartile
range, 1-6 days]). Intra-amniotic inflammation was defined as an elevated amniotic
fluid matrix metalloproteinase-8 concentration (> 23 ng/mL) of at least 1 amniotic
cavity, and MIAC was defined as a positive amniotic fluid culture of at least 1
amniotic cavity.

28

Reference

1.

Gardner MO, Goldenberg RL, Cliver SP, Tucker JM, Nelson KG, Copper
RL. The origin and outcome of preterm twin pregnancies. Obstet Gynecol
1995;85:553-557.

2.

Ananth CV, Joseph KS, Demissie K, Vintzileos AM. Trends in twin
preterm birth subtypes in the United States, 1989 through 2000: impact on
perinatal mortality. Am J Obstet Gynecol 2005;193:1076-1082.

3.

Buscher U, Horstkamp B, Wessel J, Chen FC, Dudenhausen JW.
Frequency and significance of preterm delivery in twin pregnancies. Int J
Gynaecol Obstet 2000;69:1-7.

4.

Rao A, Sairam S, Shehata H. Obstetric complications of twin pregnancies.
Best Pract Res Clin Obstet Gynaecol 2004;18:557-576.

5.

Kogan MD, Alexander GR, Kotelchuck M, MacDorman MF, Buekens P,
Papiernik E. A comparison of risk factors for twin preterm birth in the
United States between 1981-82 and 1996-97. Matern Child Health J
2002;6:29-35.

6.

Kogan MD, Alexander GR, Kotelchuck M, MacDorman MF, Buekens P,
Martin JA et al. Trends in twin birth outcomes and prenatal care utilization
in the United States, 1981-1997. JAMA 2000;284:335-341.

7.

Chauhan SP, Scardo JA, Hayes E, Abuhamad AZ, Berghella V. Twins:
prevalence, problems, and preterm births. Am J Obstet Gynecol
2010;203:305-315.

8.

Martin JA, Hamilton BE, Sutton PD, Ventura SJ, Menacker F, Kirmeyer S.
Births: final data for 2004. Natl Vital Stat Rep 2006;55:1-101.

9.

Watts DH, Krohn MA, Hillier SL, Eschenbach DA. The association of
occult amniotic fluid infection with gestational age and neonatal outcome
among women in preterm labor. Obstet Gynecol 1992;79:351-357.

10.

Bobitt JR, Hayslip CC, Damato JD. Amniotic fluid infection as determined
by transabdominal amniocentesis in patients with intact membranes in
29

premature labor. Am J Obstet Gynecol 1981;140:947-952.
11.

Gravett MG, Hummel D, Eschenbach DA, Holmes KK. Preterm labor
associated with subclinical amniotic fluid infection and with bacterial
vaginosis. Obstet Gynecol 1986;67:229-237.

12.

Yoon BH, Romero R, Moon JB, Shim SS, Kim M, Kim G et al. Clinical
significance of intra-amniotic inflammation in patients with preterm labor
and intact membranes. Am J Obstet Gynecol 2001;185:1130-1136.

13.

Romero R, Yoon BH, Mazor M, Gomez R, Gonzalez R, Diamond MP et al.
A comparative study of the diagnostic performance of amniotic fluid
glucose, white blood cell count, interleukin-6, and gram stain in the
detection of microbial invasion in patients with preterm premature rupture
of membranes. Am J Obstet Gynecol 1993;169:839-851.

14.

Dammann O, Leviton A. Maternal intrauterine infection, cytokines, and
brain damage in the preterm newborn. Pediatr Res 1997;42:1-8.

15.

Torricelli M, Voltolini C, Conti N, De Bonis M, Biliotti G, Picciolini E et al.
Inflammatory and infectious risk factors are associated with the response to
tocolysis in patients with preterm labor. J Matern Fetal Neonatal Med
2011;24:43-46.

16.

Romero R, Jimenez C, Lohda AK, Nores J, Hanaoka S, Avila C et al.
Amniotic fluid glucose concentration: a rapid and simple method for the
detection of intraamniotic infection in preterm labor. Am J Obstet Gynecol
1990;163:968-974.

17.

Coultrip LL, Grossman JH. Evaluation of rapid diagnostic tests in the
detection of microbial invasion of the amniotic cavity. Am J Obstet
Gynecol 1992;167:1231-1242.

18.

Yoon BH, Yang SH, Jun JK, Park KH, Kim CJ, Romero R. Maternal blood
C-reactive protein, white blood cell count, and temperature in preterm
labor: a comparison with amniotic fluid white blood cell count. Obstet
Gynecol 1996;87:231-237.

19.

Gonzalez-Bosquet E, Cerqueira MJ, Dominguez C, Gasser I, Bermejo B,
Cabero L. Amniotic fluid glucose and cytokines values in the early
30

diagnosis of amniotic infection in patients with preterm labor and intact
membranes. J Matern Fetal Med 1999;8:155-158.
20.

Hussey MJ, Levy ES, Pombar X, Meyer P, Strassner HT. Evaluating rapid
diagnostic tests of intra-amniotic infection: Gram stain, amniotic fluid
glucose level, and amniotic fluid to serum glucose level ratio. Am J Obstet
Gynecol 1998;179:650-656.

21

Romero R, Shamma F, Avila C, Jimenez C, Callahan R, Nores J et al.
Infection and labor. VI. Prevalence, microbiology, and clinical significance
of intraamniotic infection in twin gestations with preterm labor. Am J
Obstet Gynecol 1990;163:757-761.

22.

Mazor M, Hershkovitz R, Ghezzi F, Maymon E, Horowitz S, Leiberman
JR. Intraamniotic infection in patients with preterm labor and twin
pregnancies. Acta Obstet Gynecol Scand 1996;75:624-627.

23.

DiGiulio DB, Romero R, Amogan HP, Kusanovic JP, Bik EM, Gotsch F et
al. Microbial prevalence, diversity and abundance in amniotic fluid during
preterm labor: a molecular and culture-based investigation. PLoS One
2008;3:e3056.

24.

Yoon BH, Romero R, Lim JH, Shim SS, Hong JS, Shim JY et a.. The
clinical significance of detecting Ureaplasma urealyticum by the
polymerase chain reaction in the amniotic fluid of patients with preterm
labor. Am J Obstet Gynecol 2003;189:919-924.

25.

Oh KJ, Lee SE, Jung H, Kim G, Romero R, Yoon BH. Detection of
ureaplasmas by the polymerase chain reaction in the amniotic fluid of
patients with cervical insufficiency. J Perinat Med 2010;38:261-268.

26.

Jalava J, Mantymaa ML, Ekblad U, Toivanen P, Skurnik M, Lassila O et al.
Bacterial 16S rDNA polymerase chain reaction in the detection of intraamniotic infection. Br J Obstet Gynaecol 1996;103:664-669.

27.

Romero R, Quintero R, Nores J, Avila C, Mazor M, Hanaoka S et al.
Amniotic fluid white blood cell count: a rapid and simple test to diagnose
microbial invasion of the amniotic cavity and predict preterm delivery. Am
J Obstet Gynecol 1991;165:821-830.
31

28.

Romero R, Yoon BH, Mazor M, Gomez R, Diamond MP, Kenney JS et al.
The diagnostic and prognostic value of amniotic fluid white blood cell
count, glucose, interleukin-6, and gram stain in patients with preterm labor
and intact membranes. Am J Obstet Gynecol 1993;169:805-816.

29.

Coultrip LL, Lien JM, Gomez R, Kapernick P, Khoury A, Grossman JH.
The value of amniotic fluid interleukin-6 determination in patients with
preterm labor and intact membranes in the detection of microbial invasion
of the amniotic cavity. Am J Obstet Gynecol 1994;171:901-911.

30.

Yoon BH, Romero R, Kim CJ, Jun JK, Gomez R, Choi JH et al. Amniotic
fluid interleukin-6: a sensitive test for antenatal diagnosis of acute
inflammatory lesions of preterm placenta and prediction of perinatal
morbidity. Am J Obstet Gynecol 1995;172:960-970.

31.

Jacobsson B, Mattsby-Baltzer I, Andersch B, Bokstrom H, Holst RM,
Nikolaitchouk N et al. Microbial invasion and cytokine response in
amniotic fluid in a Swedish population of women with preterm prelabor
rupture of membranes. Acta Obstet Gynecol Scand 2003;82:423-431.

32.

Rizzo G, Capponi A, Rinaldo D, Tedeschi D, Arduini D, Romanini C.
Interleukin-6 concentrations in cervical secretions identify microbial
invasion of the amniotic cavity in patients with preterm labor and intact
membranes. Am J Obstet Gynecol 1996;175:812-817.

33.

Figueroa R, Garry D, Elimian A, Patel K, Sehgal PB, Tejani N. Evaluation
of amniotic fluid cytokines in preterm labor and intact membranes. J
Matern Fetal Neonatal Med 2005;18:241-247.

34.

Holst RM, Hagberg H, Wennerholm UB, Skogstrand K, Thorsen P,
Jacobsson B. Prediction of spontaneous preterm delivery in women with
preterm labor: analysis of multiple proteins in amniotic and cervical fluids.
Obstet Gynecol 2009;114:268-277.

35.

Cobo T, Palacio M, Navarro-Sastre A, Ribes A, Bosch J, Filella X et al.
Predictive value of combined amniotic fluid proteomic biomarkers and
interleukin-6 in preterm labor with intact membranes. Am J Obstet
Gynecol 2009;200:499.e1-499.e6.
32

36.

Greci LS, Gilson GJ, Nevils B, Izquierdo LA, Qualls CR, Curet LB. Is
amniotic fluid analysis the key to preterm labor? A model using
interleukin-6 for predicting rapid delivery. Am J Obstet Gynecol
1998;179:172-178.

37.

Athayde N, Romero R, Maymon E, Gomez R, Pacora P, Araneda H et al. A
role for the novel cytokine RANTES in pregnancy and parturition. Am J
Obstet Gynecol 1999;181:989-994.

38.

Jung HJ, Park KH, Kim SN, Hong JS, Oh KJ, Kim G et al. Non-invasive
prediction of intra-amniotic inflammation in women with preterm labor.
Ultrasound Obstet Gynecol 2011;37:82-87.

39.

Madan I, Romero R, Kusanovic JP, Mittal P, Chaiworapongsa T, Dong Z et
al. The frequency and clinical significance of intra-amniotic infection
and/or inflammation in women with placenta previa and vaginal bleeding:
an unexpected observation. J Perinat Med 2010;38:275-279.

40.

Maymon E, Romero R, Chaiworapongsa T, Berman S, Conoscenti G,
Gomez R et al. Amniotic fluid matrix metalloproteinase-8 in preterm labor
with intact membranes. Am J Obstet Gynecol 2001;185:1149-1155.

41.

Harirah H, Donia SE, Hsu CD. Amniotic fluid matrix metalloproteinase-9
and interleukin-6 in predicting intra-amniotic infection. Obstet Gynecol
2002;99:80-84.

42.

Kim KW, Romero R, Park HS, Park CW, Shim SS, Jun JK et al. A rapid
matrix metalloproteinase-8 bedside test for the detection of intraamniotic
inflammation in women with preterm premature rupture of membranes.
Am J Obstet Gynecol 2007;197:292.e1-292.e5.

43.

Oh KJ, Park KH, Kim SN, Jeong EH, Lee SY, Yoon HY. Predictive value
of intra-amniotic and serum markers for inflammatory lesions of preterm
placenta. Placenta 2011;32:732-736.

44.

Yoon BH, Oh SY, Romero R, Shim SS, Han SY, Park JS et al. An elevated
amniotic fluid matrix metalloproteinase-8 level at the time of mid-trimester
genetic amniocentesis is a risk factor for spontaneous preterm delivery. Am
J Obstet Gynecol 2001;185:1162-1167.
33

45.

Moon JB, Kim JC, Yoon BH, Romero R, Kim G, Oh SY et al. Amniotic
fluid matrix metalloproteinase-8 and the development of cerebral palsy. J
Perinat Med 2002;30:301-306.

46.

Park JS, Romero R, Yoon BH, Moon JB, Oh SY, Han SY et al. The
relationship between amniotic fluid matrix metalloproteinase-8 and
funisitis. Am J Obstet Gynecol 2001;185:1156-1161.

47.

Athayde N, Romero R, Gomez R, Maymon E, Pacora P, Mazor M et al.
Matrix metalloproteinases-9 in preterm and term human parturition. J
Matern Fetal Med 1999;8:213-219.

48.

Lee SE, Romero R, Jung H, Park CW, Park JS, Yoon BH. The intensity of
the fetal inflammatory response in intraamniotic inflammation with and
without microbial invasion of the amniotic cavity. Am J Obstet Gynecol
2007;197:294.e1-294.e6.

49.

Vaisbuch E, Hassan SS, Mazaki-Tovi S, Nhan-Chang CL, Kusanovic JP,
Chaiworapongsa T et al. Patients with an asymptomatic short cervix
(<or=15 mm) have a high rate of subclinical intraamniotic inflammation:
implications

for

patient

counseling.

Am

J

Obstet

Gynecol

2010;202:433.e1-433.e8.
50.

Lee SE, Romero R, Park CW, Jun JK, Yoon BH. The frequency and
significance of intraamniotic inflammation in patients with cervical
insufficiency. Am J Obstet Gynecol 2008;198:633.e1-633.e8.

51.

Lee J, Oh KJ, Yang HJ, Park JS, Romero R, Yoon BH. The importance of
intra-amniotic inflammation in the subsequent development of atypical
chronic lung disease. J Matern Fetal Neonatal Med 2009;22:917-923.

52.

Park CW, Moon KC, Park JS, Jun JK, Yoon BH. The frequency and
clinical significance of intra-uterine infection and inflammation in patients
with placenta previa and preterm labor and intact membranes. Placenta
2009;30:613-618.

53.

Shim SS, Romero R, Hong JS, Park CW, Jun JK, Kim BI et al. Clinical
significance of intra-amniotic inflammation in patients with preterm
premature rupture of membranes. Am J Obstet Gynecol 2004;191:133934

1345.
54.

Yoon BH, Romero R, Park JS, Kim CJ, Kim SH, Choi JH et al. Fetal
exposure to an intra-amniotic inflammation and the development of
cerebral palsy at the age of three years. Am J Obstet Gynecol
2000;182:675-681.

55.

Novy MJ, Duffy L, Axthelm MK, Sadowsky DW, Witkin SS, Gravett MG
et al. Ureaplasma parvum or Mycoplasma hominis as sole pathogens cause
chorioamnionitis, preterm delivery, and fetal pneumonia in rhesus
macaques. Reprod Sci 2009;16:56-70.

56.

Gibbs RS, Blanco JD, St Clair PJ, Castaneda YS. Quantitative bacteriology
of amniotic fluid from women with clinical intraamniotic infection at term.
J Infect Dis 1982;145:1-8.

57.

Jobe AH, Bancalari E. Bronchopulmonary dysplasia. Am J Respir Crit
Care Med 2001; 163:1723-1729.

58.

McMenamin JB, Shackelford GD, Volpe JJ. Outcome of neonatal
intraventricular hemorrhage with periventricular echodense lesions. Ann
Neurol 1984;15:285-290)

59.

Soto E, Romero R, Richani K, Yoon BH, Chaiworapongsa T, Vaisbuch E et
al. Evidence for complement activation in the amniotic fluid of women
with spontaneous preterm labor and intra-amniotic infection. J Matern
Fetal Neonatal Med 2009;22:983-992.

60.

Romero R, Espinoza J, Kusanovic JP, Gotsch F, Hassan S, Erez O et al.
The preterm parturition syndrome. BJOG 2006;113 Suppl 3:17-42.

61.

Gibbs RS. The relationship between infections and adverse pregnancy
outcomes: an overview. Ann Periodontol 2001;6:153-163.

62.

Park CW, Lee SM, Park JS, Jun JK, Romero R, Yoon BH. The antenatal
identification of funisitis with a rapid MMP-8 bedside test. J Perinat Med
2008;36:497-502.

63.

Romero R, Mazaki-Tovi S, Vaisbuch E, Kusanovic JP, Chaiworapongsa T,
Gomez R et al. Metabolomics in premature labor: a novel approach to
identify patients at risk for preterm delivery. J Matern Fetal Neonatal Med
35

2010;23:1344-1359.
64.

Ghezzi F, Franchi M, Raio L, Di Naro E, Bossi G, D'Eril GV et al.
Elevated amniotic fluid C-reactive protein at the time of genetic
amniocentesis is a marker for preterm delivery. Am J Obstet Gynecol
2002;186:268-273.

65.

Maymon E, Ghezzi F, Edwin SS, Mazor M, Yoon BH, Gomez R et al. The
tumor necrosis factor alpha and its soluble receptor profile in term and
preterm parturition. Am J Obstet Gynecol 1999;181:1142-1148.

66.

Vadillo-Ortega F, Sadowsky DW, Haluska GJ, Hernandez-Guerrero C,
Guevara-Silva

R,

Gravett

MG

et

al.

Identification

of

matrix

metalloproteinase-9 in amniotic fluid and amniochorion in spontaneous
labor and after experimental intrauterine infection or interleukin-1 beta
infusion in pregnant rhesus monkeys. Am J Obstet Gynecol 2002;186:128138.
67.

Vogel I, Thorsen P, Curry A, Sandager P, Uldbjerg N. Biomarkers for the
prediction of preterm delivery. Acta Obstet Gynecol Scand 2005;84:516525.

68.

Hamill N, Romero R, Gotsch F, Kusanovic JP, Edwin S, Erez O et al.
Exodus-1 (CCL20): evidence for the participation of this chemokine in
spontaneous labor at term, preterm labor, and intrauterine infection. J
Perinat Med 2008;36:217-227.

69.

Romero R, Schaudinn C, Kusanovic JP, Gorur A, Gotsch F, Webster P et al.
Detection of a microbial biofilm in intraamniotic infection. Am J Obstet
Gynecol 2008;198:135.e1-135.e5.

70.

Kim SM, Romero R, Lee J, Chaemsaithong P, Lee MW, Chaiyasit N et al.
About one-half of early spontaneous preterm deliveries can be identified
by a rapid matrix metalloproteinase-8 (MMP-8) bedside test at the time of
mid-trimester genetic amniocentesis. J Matern Fetal Neonatal Med. 2016 ;
29: 2414-21.

71.

Andrews WW, Hauth JC, Goldenberg RL, Gomez R, Romero R, Cassell
GH. Amniotic fluid interleukin-6: correlation with upper genital tract
36

microbial colonization and gestational age in women delivered after
spontaneous labor versus indicated delivery. Am J Obstet Gynecol
1995;173:606-612.
72.

Grigsby PL, Novy MJ, Adams Waldorf KM, Sadowsky DW, Gravett MG.
Choriodecidual inflammation: a harbinger of the preterm labor syndrome.
Reprod Sci 2009;17:85-94.

73.

Romero R, Miranda J, Chaiworapongsa T, Chaemsaithong P, Gotsch F,
Dong Z et al. Sterile intra-amniotic inflammation in asymptomatic patients
with a sonographic short cervix: prevalence and clinical significance. J
Matern Fetal Neonatal Med. 2014 Sep 24:1-17. [Epub ahead of print]

74.

Romero

R,

Miranda

J,

Chaiworapongsa

T,

Korzeniewski

SJ,

Chaemsaithong P, Gotsch F et al. Prevalence and clinical significance of
sterile intra-amniotic inflammation in patients with preterm labor and
intact membranes. Am J Reprod Immunol. 2014;72:458-74.
75.

Wenstrom KD, Gall SA. Incidence, morbidity and mortality, and diagnosis
of twin gestations. Clin Perinatol 1988;15:1-11.

76.

Adams Waldorf KM, Singh N, Mohan AR, Young RC, Ngo L, Das A et. al.
Uterine overdistention induces preterm labor mediated by inflammation:
observations in pregnant women and nonhuman primates. Am J Obstet
Gynecol. 2015;213:830.e1-830.e19.

77.

Laudanski T, Rocki W. The effects on stretching and prostaglandin F2alpha
on the contractile and bioelectric activity of the uterus in rat. Acta Physiol
Pol 1975;26:385-393.

78.

Ou CW, Chen ZQ, Qi S, Lye SJ. Increased expression of the rat
myometrial oxytocin receptor messenger ribonucleic acid during labor
requires

both

mechanical

and

hormonal

signals.

Biol

Reprod

1998;59:1055-1061.
79.

Goldenberg RL, Iams JD, Das A, Mercer BM, Meis PJ, Moawad AH et al.
The Preterm Prediction Study: sequential cervical length and fetal
fibronectin testing for the prediction of spontaneous preterm birth. National
Institute of Child Health and Human Development Maternal-Fetal
37

Medicine Units Network. Am J Obstet Gynecol 2000;182:636-643.
80.

To MS, Fonseca EB, Molina FS, Cacho AM, Nicolaides KH. Maternal
characteristics and cervical length in the prediction of spontaneous early
preterm delivery in twins. Am J Obstet Gynecol 2006;194:1360-1365.

81.

Crane JM, Van den Hof M, Armson BA, Liston R. Transvaginal ultrasound
in the prediction of preterm delivery: singleton and twin gestations. Obstet
Gynecol 1997;90:357-363.

82.

Fujita MM, Brizot Mde L, Liao AW, Bernath T, Cury L, Neto JD et al.
Reference range for cervical length in twin pregnancies. Acta Obstet
Gynecol Scand 2002;81:856-859.

83.

Conde-Agudelo A, Romero R, Hassan SS, Yeo L. Transvaginal
sonographic cervical length for the prediction of spontaneous preterm birth
in twin pregnancies: a systematic review and metaanalysis. Am J Obstet
Gynecol 2010;203:128.e1-128.e12.

84.

Guzman ER, Mellon C, Vintzileos AM, Ananth CV, Walters C, Gipson K.
Longitudinal assessment of endocervical canal length between 15 and 24
weeks' gestation in women at risk for pregnancy loss or preterm birth.
Obstet Gynecol 1998;92:31-37.

85.

Guzman ER, Walters C, O'Reilly-Green C, Kinzler WL, Waldron R, Nigam
J et al. Use of cervical ultrasonography in prediction of spontaneous
preterm birth in twin gestations. Am J Obstet Gynecol 2000;183:1103-1107.

86.

Vayssiere C, Favre R, Audibert F, Chauvet MP, Gaucherand P, Tardif D et
al. Cervical length and funneling at 22 and 27 weeks to predict
spontaneous birth before 32 weeks in twin pregnancies: a French
prospective multicenter study. Am J Obstet Gynecol 2002;187:1596-1604.

87.

Bergelin I, Valentin L. Cervical changes in twin pregnancies observed by
transvaginal ultrasound during the latter half of pregnancy: a longitudinal,
observational study. Ultrasound Obstet Gynecol 2003;21:556-563.

88.

Fox NS, Rebarber A, Klauser CK, Peress D, Gutierrez CV, Saltzman DH.
Prediction of spontaneous preterm birth in asymptomatic twin pregnancies
using the change in cervical length over time. Am J Obstet Gynecol
38

2010;202:155.e1-155.e4.
89.

Goldenberg RL, Iams JD, Miodovnik M, Van Dorsten JP, Thurnau G,
Bottoms S et al. The preterm prediction study: risk factors in twin
gestations. National Institute of Child Health and Human Development
Maternal-Fetal Medicine Units Network. Am J Obstet Gynecol
1996;175:1047-1053.

90.

Gibson JL, Macara LM, Owen P, Young D, Macauley J, Mackenzie F.
Prediction of preterm delivery in twin pregnancy: a prospective,
observational study of cervical length and fetal fibronectin testing.
Ultrasound Obstet Gynecol 2004;23:561-566.

91.

Fox NS, Saltzman DH, Klauser CK, Peress D, Gutierrez CV, Rebarber A.
Prediction of spontaneous preterm birth in asymptomatic twin pregnancies
with the use of combined fetal fibronectin and cervical length. Am J Obstet
Gynecol 2009;201:313.e1-313.e5.

92.

Bolt LA, Chandiramani M, De Greeff A, Seed PT, Kurtzman J, Shennan
AH. The value of combined cervical length measurement and fetal
fibronectin testing to predict spontaneous preterm birth in asymptomatic
high-risk women. J Matern Fetal Neonatal Med 24:928-932.

93.

Hassan S, Romero R, Hendler I, Gomez R, Khalek N, Espinoza J et al. A
sonographic short cervix as the only clinical manifestation of intraamniotic infection. J Perinat Med 2006;34:13-19.

94.

Holst RM, Jacobsson B, Hagberg H, Wennerholm UB. Cervical length in
women in preterm labor with intact membranes: relationship to intraamniotic inflammation/microbial invasion, cervical inflammation and
preterm delivery. Ultrasound Obstet Gynecol 2006;28:768-774.

95.

Palacio M, Cobo T, Bosch J, Filella X, Navarro-Sastre A, Ribes A et al.
Cervical length and gestational age at admission as predictors of intraamniotic inflammation in preterm labor with intact membranes. Ultrasound
Obstet Gynecol 2009;34:441-447.

96.

Kiefer DG, Keeler SM, Rust OA, Wayock CP, Vintzileos AM, Hanna N. Is
midtrimester short cervix a sign of intraamniotic inflammation? Am J
39

Obstet Gynecol 2009;200:374.e1-374.e5.
97.

Kiefer DG, Keeler SM, Rust O, Chow SS, Craig ME, Peltier MR et al.
Amniotic fluid inflammatory score is associated with pregnancy outcome
in patients with mid trimester short cervix. Am J Obstet Gynecol
2012;206:68.e1-68.e6.

98.

Yoon BH, Chang JW, Romero R. Isolation of Ureaplasma urealyticum
from the amniotic cavity and adverse outcome in preterm labor. Obstet
Gynecol 1998;92:77-82.

99.

Hazan Y, Mazor M, Horowitz S, Leiberman JR, Glezerman M. The
diagnostic value of amniotic fluid Gram stain examination and limulus
amebocyte lysate assay in patients with preterm birth. Acta Obstet Gynecol
Scand 1995;74:275-280.

100.

Kara M, Ozden S, Arioglu P, Cetin A. The significance of amniotic fluid
interleukin-6 levels in preterm labour. Aust N Z J Obstet Gynaecol
1998;38:403-406.

101.

Averbuch B, Mazor M, Shoham-Vardi I, Chaim W, Vardi H, Horowitz S et
al. Intra-uterine infection in women with preterm premature rupture of
membranes: maternal and neonatal characteristics. Eur J Obstet Gynecol
Reprod Biol 1995;62:25-29.

102.

Oh KJ, Lee KA, Sohn YK, Park CW, Hong JS, Romero R et al.
Intraamniotic infection with genital mycoplasmas exhibits a more intense
inflammatory

response

than

intraamniotic

infection

with

other

microorganisms in patients with preterm premature rupture of membranes.
Am J Obstet Gynecol 2010;203:211.e1-211.e8.
103.

Yoon BH, Romero R, Park JS, Chang JW, Kim YA, Kim JC et al.
Microbial invasion of the amniotic cavity with Ureaplasma urealyticum is
associated with a robust host response in fetal, amniotic, and maternal
compartments. Am J Obstet Gynecol 1998;179:1254-1260.

104.

Rizzo G, Capponi A, Vlachopoulou A, Angelini E, Grassi C, Romanini C.
Interleukin-6 concentrations in cervical secretions in the prediction of
intrauterine infection in preterm premature rupture of the membranes.
Gynecol Obstet Invest 1998;46:91-95.
40

105.

Berger A, Witt A, Haiden N, Kretzer V, Heinze G, Pollak A. Amniotic
cavity cultures, blood cultures, and surface swabs in preterm infants-useful tools for the management of early-onset sepsis? J Perinat Med
2004;32:446-452.

106.

Hong JS, Park KH, Noh JH, Suh YH. Cervical length and the risk of
microbial invasion of the amniotic cavity in women with preterm
premature rupture of membranes. J Korean Med Sci 2007;22:713-717.

107.

Romero R, Gonzalez R, Sepulveda W, Brandt F, Ramirez M, Sorokin Y et
al. Infection and labor. VIII. Microbial invasion of the amniotic cavity in
patients with suspected cervical incompetence: prevalence and clinical
significance. Am J Obstet Gynecol 1992;167:1086-1091.

108.

Treadwell MC, Bronsteen RA, Bottoms SF. Prognostic factors and
complication rates for cervical cerclage: a review of 482 cases. Am J
Obstet Gynecol 1991;165:555-558.

109.

Goodlin

RC.

Cervical

incompetence,

hourglass

membranes,

and

amniocentesis. Obstet Gynecol 1979;54:748-750.
110.

Vidaeff AC, Ramin SM. Management strategies for the prevention of
preterm birth: Part II - Update on cervical cerclage. Curr Opin Obstet
Gynecol 2009;21:485-490.

111.

Charles D, Edwards WR. Infectious complications of cervical cerclage.
Am J Obstet Gynecol 1981;141:1065-1071.

112.

Gyr TN, Malek A, Mathez-Loic F, Altermatt HJ, Bodmer T, Nicolaides K
et al. Permeation of human chorioamniotic membranes by Escherichia
coli in vitro. Am J Obstet Gynecol 1994;170:223-227.

41

국문초록

조기진통을 동반한 쌍태임신에서
양수내 염증의 빈도 및 주산기
예후와의 관련성

서울대학교 대학원
의학과 산부인과학 전공
오 경 준

목적
쌍태임신은 단태임신에 비하여 주산기 사망률이 6배나 높으며, 조산이
주산기

사망과

이환의

가장

중요한

원인이다.

조기진통을

동반한

단태임신에서 사망 및 이환의 가장 중요한 원인이다. 조기진통을 동반한
단태임신에서 양수내 염증의 빈도는 약 30% 이며, 양수내 염증이 있는
경우 감염여부와 무관하게 조산으로의 진행 및 불량한 임신 예후와
관련이 있다. 이 연구의 목적은 조기진통을 동반한 쌍태임신에서 양수내
염증의 빈도 및 주산기 예후와의 관련성을 살펴보고자 함이다.
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연구방법
+0

임신 20

+6

– 34

주 사이의 조기진통을 동반한 90명의 쌍태임신

산모에서 양수를 천자하였다. 양수는 호기성/혐기성 세균 및 생식기
마이코플라스마

균에

대한

배양검사를

시행하였고,

matrix

metalloproteinase-8 (MMP-8) 농도를 측정하였다. 양수내 염증은 MMP8의 농도가 23 ng/mL 인 경우로 정의하였다. 환자군은 양수의 분석
결과에 따라 3군으로 나누었다: 제 1군, 양수배양검사 음성이고 양수내
염증도 없는 군 (n=55); 제 2군, 양수배양검사는 음성이나 적어도 한
양막강에서 양수내 염증이 있는 경우 (n=26); 제 3군, 적어도 한
양막강에서 양수 배양검사 양성이고 양수내 염증이 있는 경우 (n=9).

결과
1) 조기진통을 동반한 쌍태임신에서 양수내 염증 (한 양막강 이상)의
빈도는 39% (35/90) 이었다. 양수내 감염 (한 양막강 이상)의 빈도는 10%
(9/90)이었다. 양수내 감염이 없이 염증만 발견된 경우도 29% 였다
(26/90); 2) 두 양막강 모두에서 양수내 염증이 있는 경우가 22예, 선진부
양막강에만 양수내 염증이 있는 경우가 12예, 비-선진부 양막강에만
양수내 염증이 있는 경우가 1예였다; 3) 양수내 감염이 발견 된 9예 중,
두 양막강 모두 감염이 있는 경우가 6예, 비-선진부 양막강에만 감염이
있는 경우가 3예였다; 4) 감염이 없더라도 양수내 염증이 있는 산모군은
감염 및 염증이 모두 없는 산모군에 비하여, 불량한 예후 (이른 분만
주수, 짧은 양수천자-분만 간격, 신생아 사망 또는 이환)의 빈도가
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유의하게 증가하였다. 감염은 없으나 양수내 염증이 있는 군과 양수내
감염이 있는 군간의 유의한 예후 차이는 없었다.

결론
1) 조기진통을 동반한 쌍태임신에서 양수내 염증의 빈도는 39% 였으며,
조산 및 불량한 주산기 예후의 위험인자이다. 2) 양수내 염증은 선진부
양막강에서 비-선진부 양막강에 비하여 보다 흔히 발견되며, 이는
상행성 경로가 양수내 염증의 일반적 경로임을 뒷받침 하는 소견이다.

주요어: 양수내 염증, 양수내 감염, 조기진통, 조산, 쌍태임신
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